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Sustainable Water 
World or Water Crisis?
Two alternatives to the business-as-usual scenario were described in Chapter 3—the water crisis scenario (CRI), projecting a worsening of the current situa-tion for water and food policy, and the sustainable water use scenario (SUS),
projecting a more positive future with greater environmental water reservation,
greater domestic consumption from full water connection of urban and rural house-
holds, and maintenance of BAU levels of food production. This chapter presents
results for these scenarios and compares them with BAU.1
THE WATER STORY
The CRI and SUS scenarios influence the use of water dramatically—but obviously
very differently. Under CRI, consumptive water use increases significantly, and
under SUS substantial water savings occur. By 2025, total worldwide water con-
sumption under CRI is 13 percent (or 261 cubic kilometers) higher than that
under BAU, while under SUS it is 20 percent (or 408 cubic kilometers) lower (Table
5.1). This reduction in consumption frees water for environmental uses. Virtually
all the difference in water consumption between the CRI and BAU scenarios is in
the irrigation sector—253 cubic kilometers worldwide—mainly a result of declin-
ing water use efficiency, in turn causing higher losses through nonbeneficial water
consumption and greater water withdrawals to compensate for these losses. Under
SUS, however, irrigation water consumption declines by 296 cubic kilometers com-
pared with BAU levels (mainly through reduction in nonbeneficial consumption)
because of higher water prices and higher water use efficiency. In each scenario,
greater changes occur in the developing as opposed to the developed world, so the
former is inversely affected—that is, the developing world is more negatively affect-
ed under CRI and more positively affected under SUS. Total water consumption
in the developing world increases under CRI by 14 percent (or 225 cubic kilome-
ters) over BAU levels and by 8 percent (or 36 cubic kilometers) in the developed
world. Conversely, total water consumption in the developing world decreases
under SUS by 22 percent (or 357 cubic kilometers) and by 11 percent (or 52 cubic
kilometers) in the developed world. 
West Asia and North Africa (WANA) is the only region in Table 5.1 that does
not increase water consumption under CRI because of source limits on water sup-
ply. Sub-Saharan Africa (SSA) has the largest water consumption increase at 32 per-
cent, while Latin America (LA) has an increase of 21 percent. Under SUS, all
regions show lower water consumption than under BAU, with the largest decline
occurring in WANA at 33 percent. The decline in the irrigation water supply reli-
ability index (IWSR) is largest in WANA because, even under SUS, basin water use
efficiency (BE) improves less than in other regions given already high initial levels,
and because tight water supply constraints mean that water diverted for environ-
mental use directly reduces water availability for irrigation.
Water withdrawal patterns directly follow water consumption patterns.
Compared with BAU, water withdrawal patterns are also significantly higher under
CRI and significantly lower under SUS. Under CRI, 2025 global water withdrawal
is 10 percent (or 459 cubic kilometers) higher than BAU, while under SUS, it is
22 percent (1,029 cubic meters) lower (Table 5.2).
Irrigation 
Table 5.3 indicates that, under CRI, beneficial irrigation water consumption is lower
than BAU levels for all regions except Southeast Asia, LA, and SSA. The beneficial
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Table 5.1Total and irrigation water consumption under business-as-usual,
water crisis, and sustainable water use scenarios, 1995 and 2025
Total water Total irrigation
consumption (km3) water consumption (km3)
1995 2025 projections 1995 2025 projections
baseline baseline
Region/Country estimates BAU CRI SUS estimates BAU CRI SUS
Asia 1,059 1,206 1,371 949 920 933 1,087 727
China 291 329 385 258 244 231 264 179
India 353 396 446 293 321 332 387 234
Southeast Asia 112 147 175 120 86 92 124 81
South Asia excluding India 174 194 214 157 163 169 193 136
Latin America (LA) 131 170 205 136 88 97 132 86
Sub-Saharan Africa (SSA) 62 93 123 76 50 63 102 47
West Asia/North Africa (WANA) 135 162 160 111 122 137 137 92
Developed countries 440 478 514 426 272 277 304 258
Developing countries 1,358 1,603 1,828 1,246 1,164 1,216 1,440 939
World 1,799 2,081 2,342 1,673 1,436 1,492 1,745 1,196
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; and km3, cubic kilometers.
irrigation water consumption value is determined using total irrigation consump-
tion and BE. CRI has lower BE values than BAU, as specified in Chapter 3. Hence
beneficial irrigation water consumption is 8 percent (16 cubic kilometers) lower
than BAU in the developed world and 16 percent (108 cubic kilometers) lower in
the developing world.
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Table 5.2Total mean water withdrawal under business-as-usual, water crisis,
and sustainable water use scenarios, 1995 and 2025
Total mean water withdrawal (km3)
1995 baseline 2025 projections
Region/Country estimates BAU CRI SUS
Asia 2,165 2,649 2,943 2,039
China 679 846 978 644
India 674 815 889 602
Southeast Asia 203 287 323 222
South Asia excluding India 353 421 449 335
Latin America (LA) 298 410 477 302
Sub-Saharan Africa (SSA) 128 214 247 173
West Asia/North Africa (WANA) 236 297 289 199
Developed countries 1,144 1,265 1,342 1,085
Developing countries 2,762 3,507 3,889 2,659
World 3,906 4,772 5,231 3,743
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; and km3, cubic kilometers.
Table 5.3Beneficial irrigation water consumption under business-as-usual,
water crisis, and sustainable water use scenarios, 1995 and 2025
Beneficial irrigation water consumption (km3)
1995 baseline 2025 projections
Region/Country estimates BAU CRI SUS
Asia 492 541 450 504
China 132 138 109 143
India 184 208 167 172
Southeast Asia 40 45 47 46
South Asia excluding India 79 85 74 78
Latin America (LA) 39 45 47 46
Sub-Saharan Africa (SSA) 22 29 37 26
West Asia/North Africa (WANA) 83 100 73 79
Developed countries 175 190 174 187
Developing countries 627 707 599 646
World 802 897 773 833
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; and km3, cubic kilometers.
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Under SUS, despite a large decline in total irrigation water consumption, the
beneficial irrigation consumption is much closer to BAU levels because SUS has a
higher BE. Beneficial irrigation water consumption under SUS is 2 percent (3
cubic kilometers) lower than BAU in the developed world and 9 percent (61 cubic
kilometers) lower in developing countries. For some countries and regions, includ-
ing China, Southeast Asia, and LA, the beneficial irrigation water consumption is
slightly higher under SUS than CRI, a result of more rapid improvement in basin
irrigation efficiency over initial levels. 
Under CRI, IWSR reduces significantly for all countries and regions except in
Southeast Asia, LA, and SSA (Table 5.4), indicating more severe water scarcity for
irrigation in most of the world. In these regions however, IWSR values are higher
under CRI because increased diversion of water from environmental uses more than
compensate for the reduced water use efficiency. In the developing countries as a
whole, however, IWSR is significantly lower under CRI than BAU, at 0.65 under
CRI compared with 0.75 under BAU. Developed countries and the world as a
whole also show lower IWSR values under CRI than BAU, at 0.82 compared with
0.90 for developed countries and 0.67 compared with 0.78 worldwide.  
IWSR values under SUS are also lower than under BAU except in Southeast
Asia and LA where water resources are relatively plentiful. The average developing
country IWSR under SUS is 0.69, compared with 0.75 under BAU; in the devel-
oped world, the IWSR is only slightly lower than BAU; and globally, it is 0.73 com-
pared with 0.78 under BAU. Although the decline in IWSR relative to BAU may
Table 5.4Irrigation water supply reliability under business-as-usual, water 
crisis, and sustainable water use scenarios, 1995 and 2025
2025 projections
1995 Mean IWSR Minimum IWSR
baseline
Region/Country estimates BAU CRI SUS BAU CRI SUS
Asia 0.81 0.76 0.63 0.71 0.71 0.58 0.66
China 0.87 0.80 0.64 0.82 0.67 0.52 0.68
India 0.80 0.71 0.58 0.59 0.65 0.50 0.51
Southeast Asia 0.87 0.87 0.90 0.89 0.75 0.79 0.76
South Asia excluding India 0.79 0.76 0.66 0.69 0.67 0.59 0.61
Latin America (LA) 0.83 0.76 0.80 0.78 0.65 0.70 0.66
Sub-Saharan Africa (SSA) 0.73 0.72 0.92 0.65 0.63 0.88 0.57
West Asia/North Africa (WANA) 0.78 0.75 0.55 0.59 0.64 0.51 0.53
Developed countries 0.87 0.90 0.82 0.89 0.85 0.78 0.83
Developing countries 0.81 0.75 0.65 0.69 0.71 0.61 0.65
World 0.82 0.78 0.67 0.73 0.74 0.63 0.70
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; and IWSR, irrigation water supply reliability index.
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seem surprising, it directly follows the high priority given environmental flows
under SUS. As discussed below, SUS reduces irrigation water use so as to increase
committed flows for the environment, and improved rainfed agriculture compen-
sates for the deficit in irrigated crop production. Nevertheless, despite the large diver-
sion of water to environmental uses under SUS, the relative water supply reliability
for irrigation in developing countries stabilizes in 2016 and actually begins to
increase in 2021, as shown in Figure 5.1. Over time, the continued increase in BE
under SUS counterbalances the transfer of water to the environment and provides
IWSR increases.
The minimum IWSR value for a given basin (the basic spatial unit in the
model) results from the most unfavorable hydrologic scenario applied to the basin.
For each of the 30 hydrologic scenarios, water supply and demand are scaled up to
country and regional levels through data aggregation, and minimum IWSRs are 
Figure 5.1—Mean irrigation water supply reliability in developing
countries under business-as-usual, water crisis, and sustainable
water use scenarios, 1995–2025
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS,
sustainable water scenario; and IWSR, irrigation water supply reliability index.
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chosen from the 30 samples. Hence the minimum IWSR for an aggregated spatial
unit reflects the most unfavorable condition for the unit as a whole but should not
be taken to mean that all the component spatial units simultaneously experience
the worst condition. The minimum IWSR values in Table 5.4 indicate the vulner-
ability of irrigation water supply under each scenario. CRI represents the “worst”
hydrologic condition with actual water supply reaching only 60 percent of demand
for the developing world as a whole, and only 50 percent for China, India, and
WANA. 
Domestic Sector
Table 5.5 compares the total domestic water demand in 1995 and 2025 under the
three scenarios. Total domestic demand under CRI is 160 cubic kilometers in
developing countries (28 percent less than under BAU); 63 cubic kilometers in
developed countries (8.5 percent less than under BAU); and 223 cubic kilometers
globally (28 percent less than under BAU). Under SUS in 2025, total domestic
water demand is 10 percent less than under BAU for developing countries, 4 per-
cent less for developed countries, and 9 percent less globally.
The reasons for these shortfalls in domestic consumption, however, are very dif-
ferent for SUS than for CRI, as seen in Table 5.6, which compares the per capita
domestic water demand for connected and unconnected households in rural and
urban areas in 1995 and 2025 under each of the three scenarios. Domestic water
supply for disadvantaged households improves under SUS through the universal
extension of household water connections, while the initially connected households
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Table 5.5Domestic water consumption under business-as-usual, water crisis,
and sustainable water use scenarios, 1995 and 2025
Domestic water demand (km3)
1995 baseline 2025 projections
Region/Country estimates BAU CRI SUS
Asia 79.1 156.7 113.0 143.9
China 30.0 59.4 42.3 54.3
India 21.0 40.9 27.7 42.0
Southeast Asia 13.9 30.4 23.6 23.8
South Asia excluding India 7.0 16.2 11.1 15.3
Latin America (LA) 18.2 30.7 24.7 22.8
Sub-Saharan Africa (SSA) 9.5 23.9 15.2 23.8
West Asia/North Africa (WANA) 7.1 13.1 9.9 11.2
Developed countries 58.7 68.6 62.8 65.8
Developing countries 110.6 221.0 159.7 198.7
World 169.3 289.6 222.5 264.5
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; and SUS, sustainable
water use scenario.
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reduce consumption in response to higher prices and improved water savings tech-
nology. In the rural areas, this leads to an actual increase in the overall per capita
domestic consumption compared with BAU. In urban areas overall per capita con-
sumption declines because of the greater weight of initially connected households
in urban areas (Table 5.6).  
Under CRI, however, domestic water supply conditions continually worsen
because the proportion of population in households connected to the water supply
declines sharply compared with BAU. Per capita demand under CRI for both 
Table 5.6Per capita potential domestic water demand for connected/uncon-
nected households in rural and urban areas under business-as-usual, water
crisis, and sustainable water use scenarios, 1995 and 2025
Connected (m3/yr/person) Unconnected (m3/yr/person)
1995 2025 projections 1995 2025 projections
baseline baseline
Region/Country estimates BAU CRI SUS estimates BAU CRI SUS
Rural areas
Asia 27.1 29.7 27.5 33.5 17.6 18.9 17.1 n.a.
China 25.7 27.6 26.7 36.9 17.1 18.4 17.8 n.a.
India 26.8 27.8 24.2 31.4 17.9 18.4 16.4 n.a.
Southeast Asia 29.6 38.2 33.1 34.7 19.2 23.6 20.0 n.a.
South Asia 
excluding India 25.7 28.2 22.1 27.1 17.3 18.9 15.3 n.a.
Latin America (LA) 27.2 29.7 27.5 33.4 17.6 18.9 17.1 n.a.
Sub-Saharan Africa 
(SSA) 18.8 19.5 16.5 21.5 12.8 13.1 12.0 n.a.
West Asia/North 
Africa (WANA) 18.3 17.0 16.2 19.9 10.6 10.0 8.0 n.a.
Developed countries 47.0 48.8 47.2 51.2 22.3 33.9 24.1 n.a.
Developing countries 25.2 27.0 24.7 30.2 16.9 17.6 15.8 n.a.
World 31.0 29.3 29.2 33.7 17.0 17.7 15.8 n.a.
Urban areas
Asia 41.8 52.4 47.0 33.5 25.5 27.8 24.4 n.a.
China 44.3 64.4 57.6 36.9 26.9 28.7 28.0 n.a.
India 38.7 43.0 31.0 31.4 23.4 24.1 21.1 n.a.
Southeast Asia 43.3 56.8 55.3 34.7 26.1 32.0 28.8 n.a.
South Asia excluding India 36.4 36.0 34.0 27.1 23.2 27.5 17.0 n.a.
Latin America (LA) 41.7 52.4 46.9 33.4 25.5 27.8 24.3 n.a.
Sub-Saharan Africa (SSA) 29.2 29.1 19.8 21.5 17.8 18.0 12.5 n.a.
West Asia/North 
Africa (WANA) 25.7 27.0 26.2 19.9 17.8 15.8 12.3 n.a.
Developed countries 49.3 55.7 51.2 51.2 28.6 34.8 23.0 n.a.
Developing countries 39.1 45.5 41.3 30.2 24.7 24.9 21.1 n.a.
World 43.4 48.1 45.3 33.7 24.8 25.1 21.4 n.a.
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; n.a., not applicable; and m3/yr/person, cubic meters per year per person.
connected and unconnected households is significantly lower than under BAU in
both rural and urban areas of most regions including the developed and develop-
ing worlds as a whole (Table 5.6). In the developing world, per capita demand
declines by 9 percent for connected rural households, by 9 percent for connected
urban households, by 10 percent for unconnected rural households, and by 15 per-
cent for unconnected urban households.  
Industrial Sector 
Under SUS, industrial water demand declines compared with BAU, through tech-
nological improvements in water use and recycling and increased water prices that
induce reductions in demand (as discussed in Chapter 3). Under CRI, with weak-
ened incentives and regulations and lower investment in technology, industrial
water demand increases compared with BAU, as more water is needed to produce
a unit of output. In 2025, total worldwide industrial water demand under CRI is
80 cubic kilometers (or 33 percent) higher than under BAU, while it is 85 cubic
kilometers (or 35 percent) lower under SUS (Table 5.7). Compared with BAU glob-
al industrial water use intensity is 1.2 cubic meters per thousand U.S. dollars high-
er under CRI, and 1.3 cubic meters per thousand U.S. dollars lower under SUS.
Non-Irrigation Water Supply Reliability
Non-irrigation water supply reliability (NIWSR) is expressed as the ratio of actual
water consumption over potential demand for the industrial, domestic, and 
116 ROSEGRANT, CAI, AND CLINE
Table 5.7Total industrial water demand and industrial water use intensity
under business-as-usual, water crisis, and sustainable water use scenarios,
1995 and 2025
Industrial water Industrial water use
demand (km3) intensity (m3/1,000 US$)
1995 2025 projections 1995 2025 projections
baseline baseline
Region/Country estimates BAU CRI SUS estimates BAU CRI SUS
Asia 48.9 92.6 148.5 55.1 16.2 6.7 11.3 3.8
China 13.2 32.1 74.8 18.5 16.0 6.2 14.5 3.6
India 7.3 16 23.1 9.8 19.6 7.9 11.5 4.9
Southeast Asia 11.5 21.3 23.2 11.6 20.4 8.9 9.7 4.9
South Asia excluding India 1.9 4.7 5.7 2.6 18.3 11.7 14.0 6.5
Latin America (LA) 18 30.2 36.7 16.1 10.6 5.9 7.1 3.1
Sub-Saharan Africa (SSA) 0.9 2.5 2.3 1.3 6.3 5.8 6.2 3.0
West Asia/North Africa (WANA) 4.6 8.8 9.7 4.5 8.4 5.1 5.7 2.6
Developed countries 96.6 115.7 133.2 85.6 4.3 2.5 2.8 1.8
Developing countries 62.9 123.8 186.4 69.1 13.2 6.4 9.6 3.6
World 159.5 239.5 319.6 154.6 5.9 3.6 4.8 2.3
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; km3, cubic kilometers; and m3/1,000 US$, cubic meters per thousand U.S. dollars.
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livestock sectors. Table 5.8 shows NIWSR values for 1995 and 2025 for each sce-
nario, including the mean and minimum values of the 30 sample hydrologic sce-
narios. CRI has the lowest reliability and SUS the highest. The worst case among
the 30 samples under CRI indicates a 9 percent worldwide water supply deficit for
the non-irrigation sectors; by contrast, SUS virtually eliminates non-irrigation
water supply shortage even in years of severe water scarcity. 
Environmental Committed Flow
As discussed above, total water withdrawals are largest under CRI and smallest under
SUS (See Table 5.2). This results in sharply reduced environmental committed flow
in 2025 under CRI, with 380 cubic kilometers less in the developing world, 80
cubic kilometers less in the developed world, and 460 cubic kilometers less in the
world. SUS, on the other hand, results in higher environmental committed flows,
with an 850 cubic kilometer increase in the developing world, a 180 cubic kilometer
increase in the developed world, and a 1,030 cubic kilometers increase globally. SUS
has a much greater level of committed environmental flow than CRI, at 1,490 cubic
kilometers, equivalent to 31 percent of the total water withdrawals under BAU.  
Table 5.9 shows the criticality ratio—the ratio of water withdrawal over total
renewable water—in 1995 and 2025 under the three scenarios. As noted in Chapter
4, the criticality ratio is indicative of the intensity of human water use. As expect-
ed, the ratios for the world under CRI are the highest and those under SUS are the
lowest. Globally, CRI results in a ratio that is 3-percentage points (but 34 percent)
Table 5.8Non-irrigation water supply reliability under business-as-usual,
water crisis, and sustainable water use scenarios, 1995 and 2025
2025 projections
1995 Mean NIWSR Minimum NIWSR
baseline
Region/Country estimates BAU CRI SUS BAU CRI SUS
Asia 0.99 0.98 0.95 0.99 0.97 0.92 0.99
China 0.98 0.97 0.93 0.99 0.95 0.90 0.99
India 0.99 0.98 0.96 0.99 0.97 0.91 0.98
Southeast Asia 0.97 0.98 0.97 1.00 0.95 0.93 1.00
South Asia excluding India 0.98 0.97 0.96 0.99 0.95 0.92 0.99
Latin America (LA) 0.99 0.99 0.97 1.00 0.98 0.94 1.00
Sub-Saharan Africa (SSA) 0.98 0.97 0.97 0.99 0.96 0.89 0.98
West Asia/North Africa (WANA) 0.99 0.99 0.97 1.00 0.98 0.89 1.00
Developed countries 0.98 0.98 0.98 1.00 0.98 0.95 0.99
Developing countries 0.99 0.98 0.95 0.99 0.97 0.90 0.99
World 0.98 0.98 0.95 1.00 0.98 0.91 0.99
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; and NIWSR, non-irrigation water supply reliability index.
higher than under SUS, CRI results in significantly higher ratios in 2025 than 1995,
while SUS maintains 1995 levels. For very high water stress areas, such as WANA,
CRI results in a slightly lower ratio in 2025 than under BAU, because lower BE
under CRI causes a greater amount of water is be lost to nonbeneficial consump-
tion, reducing return flows and withdrawals downstream. The ratio is relatively low
globally and for large aggregated regions because abundant water in some countries
masks scarcity in others, but the ratio is far higher for individual dry regions. It is
in these dry regions that the impact of SUS is most beneficial. For example, in 2025,
in WANA the ratio is 0.90 under BAU compared with 0.61 under SUS, and in
China and India the ratios decline from 0.33 to 0.25 and from 0.36 to 0.26, respec-
tively; in the Yellow River and Haihe River basins in northern China, the ratios drop
from 1.11 to 0.71 and from 1.49 to 0.93, respectively; and in the Indus and Ganges
in India the ratios fall from 0.90 to 0.62, and 0.57 to 0.41, respectively (see also
Box 5.1).      
THE FUTURE FOR FOOD 
In 2025, CRI results in lower harvested cereal area for both irrigated and rainfed
areas in both the developing and the developed world. Compared with BAU, total
harvested cereal area in the developing world under CRI is 17.7 million hectares
(or 3 percent) lower than BAU, 8.9 million hectares (or 4 percent) lower in the devel-
oped world, and 26.6 million hectares (or 4 percent) lower globally (Table 5.10).
The total harvested area under SUS is only slightly lower than under BAU.
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Table 5.9Ratio of water withdrawal to total renewable water under business-
as-usual, water crisis, and sustainable water use scenarios, 1995 and 2025
1995 2025 projections
baseline
Region/Country estimates BAU CRI SUS
Asia 0.17 0.20 0.23 0.16
China 0.26 0.33 0.38 0.25
India 0.30 0.36 0.39 0.26
Southeast Asia 0.04 0.05 0.06 0.04
South Asia excluding India 0.18 0.22 0.23 0.17
Latin America (LA) 0.02 0.03 0.03 0.02
Sub-Saharan Africa (SSA) 0.02 0.04 0.05 0.03
West Asia/North Africa (WANA) 0.69 0.90 0.88 0.61
Developed countries 0.09 0.10 0.10 0.08
Developing countries 0.08 0.10 0.11 0.08
World 0.08 0.10 0.11 0.08
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; and SUS, sustainable
water use scenario.
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Average irrigated cereal yield is lower for developing and developed countries
and the world as a whole in 2025 because of the lower IWSR under the CRI and
SUS compared with BAU. Globally, irrigated cereal yields are 4 percent lower
under CRI, and 2 percent lower under SUS (Table 5.11). However (as previously
discussed) IWSR values under CRI or SUS are even higher than under BAU for
some specific regions, hence irrigated yields in these regions are even higher than
under BAU (Southeast Asia and SSA are examples).
Global rainfed yields under SUS are 189 kilograms per hectare or 7 percent
higher than BAU because of higher yields from  improved rainfall harvesting and
greater investment in crop research. The rainfed yield under CRI, however, results
in a decrease of 191 kilograms per hectare (7 percent) compared with BAU given
no improvement in rainfall harvesting and lower rainfed crop yield growth from
1995 to 2025. As a result, with faster rainfed yield growth compensating for slow-
er irrigated yield growth under SUS, the average total cereal yield in 2025 is slight-
ly higher under SUS than under BAU but is 216 kilograms per hectare (6 percent)
lower under CRI than under BAU.
The impact of irrigation and rainfall use on crop yield is further explored in
Table 5.12, which compares relative irrigated and rainfed yields to their potential
yields under each scenario. Aggregated results for developed and developing coun-
tries show BAU to have the highest relative irrigated yield, while SUS has the high-
est relative rainfed yield. CRI results in the lowest relative yield for both irrigated
and rainfed cereals; however, the relative irrigated yield varies over the regions
shown in the table depending on IWSR (Table 5.4).
In 2025, irrigated production is 123 million metric tons (11 percent) lower
under CRI than under BAU, and 53 million metric tons (5 percent) lower under
SUS than under BAU (Table 5.13). Compared with BAU, rainfed production in
2025 declines by 126 million metric tons (9 percent) under CRI, and increases by
71 million metric tons (5 percent) under SUS. As a result, total cereal production
under CRI is 249 million metric tons (10 percent) less than under BAU and,
under SUS, 19 million metric tons (1 percent) more than under BAU.
Rainfed agriculture's contribution to total additional cereal production varies
significantly across regions and scenarios during 1995–2025 (Figure 5.2).  In the
developed world, rainfed agriculture contributes 50 percent of the total under
BAU and CRI, and 57 percent under SUS. In the developing world, rainfed agri-
culture's contribution to additional cereal production is 43 percent under BAU, 50
percent under CRI, and 54 percent under SUS. However, the increase of rainfed
contribution under CRI is mainly the result of declines in irrigated production com-
pared with BAU; while the increase of rainfed contribution under SUS is a result
of improved rainfall harvesting and larger increases in rainfed yields. 
Table 5.12Ratio of irrigated and rainfed yield to potential yield under business-
as-usual, water crisis, and sustainable water use scenarios, 1995 and 2025
Relative irrigated yield Relative rainfed yield
1995 2025 projections 1995 2025 projections
baseline baseline
Region/Country estimates BAU CRI SUS estimates BAU CRI SUS
Asia 0.87 0.76 0.72 0.73 0.83 0.64 0.62 0.71
China 0.89 0.78 0.74 0.77 0.86 0.61 0.60 0.67
India 0.84 0.72 0.65 0.67 0.78 0.68 0.66 0.84
Southeast Asia 0.97 0.87 0.89 0.87 0.98 0.85 0.82 0.89
South Asia excluding India 0.87 0.73 0.70 0.70 0.86 0.76 0.69 0.87
Latin America (LA) 0.94 0.76 0.76 0.77 0.94 0.75 0.72 0.78
Sub-Saharan Africa (SSA) 0.96 0.77 0.80 0.74 0.89 0.65 0.62 0.68
West Asia/North Africa (WANA) 0.68 0.57 0.56 0.56 0.78 0.60 0.57 0.81
Developed countries 0.89 0.87 0.82 0.87 0.90 0.84 0.77 0.85
Developing countries 0.86 0.75 0.72 0.73 0.86 0.67 0.64 0.75
World 0.87 0.77 0.74 0.75 0.88 0.74 0.69 0.79
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; and SUS, sustainable
water use scenario.
Hydrologic and water supply variability can significantly affect food produc-
tion in both irrigated and rainfed areas, as shown in Figures 5.3 and 5.4. Under all
three scenarios, potential irrigated production in developing countries tends to
decline from increasing water stress (Figure 5.3). CRI shows the fastest drop in rel-
ative irrigated production, while under BAU and SUS, declines occur at a slightly
less drastic rate. Corresponding to the increase of the irrigation water supply relia-
bility after 2016 under SUS (Figure 5.1), relative irrigated production under SUS
shifts from decreases to increases around the same year. Relative rainfed production
in developing countries tends to decline under CRI, while the BAU and SUS show
some increase in later years from improved rainfall harvest (Figure 5.4). 
Food Prices
As with food production, crop prices under BAU and SUS are similar, declining
slowly under both scenarios from 1995 to 2025, except for small price increases for
maize and soybeans under BAU (Table 5.14). Under CRI, however, 2025 prices
show dramatic increases over those of 1995—40 percent for rice; 80 percent for
wheat; 120 percent for maize; 85 percent for other coarse grains; 70 percent for soy-
beans; and 50–70 percent for potatoes, sweet potatoes, and other roots and tubers.
Compared with BAU, 2025 crop prices under CRI show tremendous increases—
1.8 times higher for rice, 1.7 times higher for potatoes, 1.6 times higher for soy-
beans, and more than double for all other crops.
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Figure 5.2—Contribution of rainfed cereals to additional cereal
production globally and in developed and developing countries
under business-as-usual, water crisis, and sustainable water use
scenarios, 1995–2025
(a) Global
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Figure 5.2—Continued
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; and
SUS, sustainable water scenario.
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(c) Developing countries
Hydrologic and water supply variability can also have a significant impact on
food prices—particularly under CRI. CRI's “worst” climate condition of the 30
samples results in 2025 rice prices as high as US$446 per metric ton for rice (1.6
times the 1995 price), US$282 per metric ton for wheat (2.1 times the 1995 price),
US$246 per metric ton for maize (2.4 times the 1995 price), and US$472 per met-
ric ton for soybeans (2.1 times the 1995 price).
Figure 5.5(a–d) compares mean global prices under CRI, SUS, and BAU for rice,
wheat, maize, and soybeans from 1995 to 2025. For all these crops, CRI prices go
up over time while SUS prices go down. Further illustrating this variation under BAU
and CRI, Figures 5.6, 5.7, and 5.8(a–b) present the minimum, mean, and maximum
global prices for rice, wheat, and soybeans, respectively. Not only do mean prices go
down under BAU but the spread between the mean and maximum prices stays con-
stant or declines slightly over time. In contrast, under CRI, both the mean price and
the spread between the mean and maximum prices increase significantly, indicating
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BOX 5.1Irrigation, environment and food pro-
duction in water scarce basins
In the focal water-scarce basins under CRI—although water withdrawal
is even higher than under BAU, as irrigators tap environmental flows to
try to compensate for lower basin efficiency—irrigation supply reliabili-
ty drops sharply in 2025. Compared with BAU, IWSR in 2025 falls by
39 percent in the Haihe, 40 percent in the Yellow, 22 percent in the
Ganges, and 20 percent in the Indus river basins, and 13 percent in
Egypt. With increasing water scarcity, irrigated cereal areas and yields
drop significantly compared with BAU. Rainfed yields also fall relative
to BAU because of failure to improve rainfall harvesting and declining
research investment. Cereal production thus drops sharply in 2025
compared with BAU—by 32 percent in the Haihe, 31 percent in the
Yellow, 23 percent in the Indus, and 12 percent in the Ganges river
basins, and 9 percent in Egypt. Water shortages occur even in non-irri-
gation uses in the basins in northern China, with the median non-irri-
gation water supply deficit increasing to 12 percent in Haihe and 11
percent in Huanghe river basins. And in poor rainfall years, all four
basins have shortages in domestic and urban water use, 15 percent in
the Haihe, 14 percent in the Yellow, 11 percent in the Indus, and 8 per-
cent in the Ganges river basins, and 2 percent in Egypt. Large amounts
of water are depleted from what were previously environmental uses.
Compared with total withdrawal under BAU, environmental water
flows decline by the equivalent of 12 percent of total BAU water with-
drawal in the Yellow River basin, 18 percent in the Indus, 13 percent in
the Ganges, and 8 percent in Egypt, with the Haihe losing a relatively
small 1 percent.
Under SUS, in stark contrast, there are large improvements in environ-
mental flows and reductions in water stress at the basin level. Domestic
and industrial water demands are fully met. The ratio of water withdraw-
al to total renewable water in 2025 drops 28-36 percent compared with
BAU in the four basins and by 28 percent in Egypt. The drop in with-
drawals saves a large amount of water for environmental uses, equivalent
to 38 percent of BAU withdrawals in the Haihe, 36 percent in the Yellow,
31 percent in the Indus, 28 percent in Egypt, and 27 percent in the
Ganges. Compared with the BAU, irrigated crop yields decline only slight-
ly because higher basin efficiency largely compensates for the reduced with-
drawals for irrigation. Rainfed yields increase because of the improvement
in rainfall harvesting and higher rainfed yield and area growth rate.
Therefore, the total cereal production under SUS is 1-4 percent less than
under BAU in 2025 for the four basins and Egypt.
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Figure 5.3—Relative irrigated cereal production in developing
countries under business-as-usual, water crisis, and sustainable
water use scenarios, 1995–2025
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; and
SUS, sustainable water scenario.
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Table 5.14World food prices under business-as-usual, water crisis, and 
sustainable water use scenarios, 1995 and 2025
World food prices (US$/mt)
1995 2025 projections
baseline Mean Maximum
Commodity estimates BAU CRI SUS BAU CRI SUS
Rice 285 221 397 215 240 446 235
Wheat 133 119 241 111 140 282 124
Maize 103 104 224 98 114 246 106
Other coarse grains 97 82 180 74 92 204 80
Soybeans 247 257 422 253 282 472 283
Potatoes 209 180 317 166 202 355 178
Sweet potatoes 134 90 233 77 168 332 100
Other roots and tubers 106 81 167 69 95 208 83
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use water scenario; and US$/mt, U.S. dollars per metric ton.
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Figure 5.4—Relative rainfed cereal production in developing
countries under business-as-usual, water crisis, and sustainable
water use scenarios, 1995–2025
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; and
SUS, sustainable water scenario.
1995 2000 2005 2010 2015 2020 2025
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a significant increase in price variation from 1995 to 2025 and an even more nega-
tive impact on consumers during unfavorable weather years than under BAU.3
Food Demand
High prices unsurprisingly dampen food demand. Under CRI—with prices much
higher than under BAU—cereal demand declines by 55 million metric tons (7 per-
cent) in the developed world, 192 million metric tons (11 percent) in the develop-
ing world, and 246 million metric tons (9 percent) globally (Table 5.15). For the
worst case in the 30 hydrologic samples (the minimum in Table 5.15), cereal
demand declines by 54 million metric tons (7 percent) in developed countries, 184
million metric tons (10 percent) in developing countries, and 237 million metric
tons (9 percent) worldwide compared with the mean under BAU. 
Table 5.16 shows per capita cereal consumption under the three scenarios.
CRI's 2025 per capita cereal consumption is 7 percent lower than under BAU in
the developed world, 11 percent lower in the developing world, and 9 percent lower
globally. The reduction in consumption under CRI is so severe that 2025 per 
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Table 5.15Cereal demand under business-as-usual, water crisis, and 
sustainable water use scenarios, 1995 and 2025
2025 projections
1995 Mean (million mt) Minimum (million mt)
baseline
Region/Country estimates BAU CRI SUS BAU CRI SUS
Asia 794 1,228 1,116 1,236 1,209 1,101 1,219
China 375 581 535 584 576 529 577
India 171 275 243 278 268 238 273
Southeast Asia 113 176 162 177 174 160 175
South Asia excluding India 55 102 86 103 98 84 101
Latin America (LA) 137 239 207 241 234 203 237
Sub-Saharan Africa (SSA) 78 172 138 176 164 131 171
West Asia/North Africa (WANA) 120 202 184 204 198 180 201
Developed countries 686 803 748 806 790 736 796
Developing countries 1,092 1,804 1,612 1,819 1,768 1,584 1,791
World 1,779 2,606 2,360 2,625 2,557 2,320 2,587
Source: IMPACT-WATER assessments and projections, 2002.
Notes: BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; and million mt, million metric tons.
capita cereal consumption in the developing world is actually 2 percent lower than
1995 levels; hence, under CRI, poor water policies cause serious food security
problems, especially in developing countries. 
Compared with BAU, under CRI, soybean demand decreases by 26 million
metric tons (25 percent) in developed countries, by 34 million metric tons (27 per-
cent) in developing countries, and by 60 million metric tons (26 percent) global-
ly; potato demand reduces by 13 million metric tons (7 percent) in the developing
world, by 8 million metric tons (4 percent) in the developed world, and by 21 mil-
lion metric tons (5 percent) worldwide; root and tuber demand reduces by 18 mil-
lion metric tons (2 percent) in developing countries, 13 million metric tons (4
percent) in developed countries, and 31 million metric tons (4 percent) globally.
Food Trade
Compared with BAU, net trade declines under both CRI and SUS scenarios (Table
5.17). Exports from the developed world, or imports to the developing world,
decline under CRI by 58 million metric tons (23 percent), and under SUS by 14
million metric tons (6 percent); however, these declines have different implications.
Declines under CRI imply that high prices dampen crop demand leading to trade
reductions, while declines under SUS reflect different rates of food production
adjustment between the food importing and exporting countries. As shown in
Table 5.13, cereal production under the SUS is 11 million metric tons less in devel-
oped countries, and 29 million metric tons more in developing countries than under
the BAU scenario.  
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Table 5.16Per capita cereal consumption under business-as-usual, water 
crisis, and sustainable water use scenarios, 1995 and 2025
Per capita cereal consumptions (kg/year)
1995 baseline 2025 projections
Region/Country estimates BAU CRI SUS
Asia 264.3 294.7 267.7 296.5
China 305.9 392.8 361.7 394.3
India 184.7 203.2 179.9 205.3
Southeast Asia 237.2 256.6 236.7 257.9
South Asia excluding India 180.0 178.6 151.4 181.1
Latin America (LA) 46.8 58.4 50.8 59.0
Sub-Saharan Africa (SSA) 147.4 155.0 124.1 158.5
West Asia/North Africa (WANA) 358.7 358.8 326.6 362.2
Developed countries 548.5 623.2 580.5 625.5
Developing countries 247.8 272.7 243.7 275.0
World 314.3 329.8 298.6 332.1
Source:  IMPACT-WATER assessments and projections, 2002.
Notes:  BAU indicates business-as-usual scenario; CRI, water crisis scenario; SUS, sustainable water
use scenario; and kg/year, kilograms per year.
Table 5.17Net trade under business-as-usual, water crisis, and sustainable
water use scenarios, 1995 and 2025
Net trade (million mt)
1995 baseline 2025 projections
Region/Country estimates BAU CRI SUS
Asia -67.7 -139.7 -141.8 -156.9
China -17.4 -42.0 -58.5 -53.2
India 3.6 -19.1 -15.7 -20.4
Southeast Asia -7.0 -6.2 -1.1 -4.7
South Asia excluding India -3.8 -21.0 -15.7 -27.1
Latin America (LA) -20.4 -16.8 4.7 -16.1
Sub-Saharan Africa (SSA) -9.8 -34.9 -3.3 -35.7
West Asia/North Africa (WANA) -37.8 -83.0 -72.3 -52.6
Developed countries 107.5 245.2 187.7 231.6
Developing countries -107.5 -245.2 -187.7 -231.6
World 0.0 0.0 0.0 0.0
Source:  IMPACT-WATER assessments and projections, 2002.
Notes: Negative values indicate net imports; positive values, net exports. BAU indicates business-as-
usual scenario; CRI, water crisis scenario; SUS, sustainable water use scenario; and million mt, million
metric tons.
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Figure 5.5—World prices for rice, wheat, maize, and soybeans
under business-as-usual, water crisis, and sustainable water
scenarios, 1995–2025
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Figure 5.5—Continued
(c) Maize
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Source: IMPACT-WATER assessments and projections, 2002.
Note: BAU indicates business-as-usual scenario; CRI, water crisis scenario;
SUS, sustainable water scenario; and US$/mt, U.S. dollars per metric ton.
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Figure 5.6—Average, maximum, and minimum world rice
prices for 30 hydrologic scenarios under business-as-usual
and water crisis scenarios, 1995–2025
(a) Business-as-usual
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Source: IMPACT-WATER assessments and projections, 2002.
Notes: US$/mt indicates U.S. dollars per metric ton.
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Figure 5.7—Average, maximum, and minimum world wheat
prices for 30 hydrologic scenarios under business-as-usual
and water crisis scenarios, 1995–2025
(a) Business-as-usual
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Source: IMPACT-WATER assessments and projections, 2002.
Notes: US$/mt indicates U.S. dollars per metric ton.
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Figure 5.8—Average, maximum, and minimum world soybean
prices for 30 hydrologic scenarios under business-as-usual and
water crisis scenarios, 1995–2025
(a) Business-as-usual
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Source: IMPACT-WATER assessments and projections, 2002.
Notes: US$/mt indicates U.S. dollars per metric ton.
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SUMMARY
The alternative scenarios show that plausible changes in water policies and invest-
ments would make dramatic differences in outcomes on water and food supply and
demand to 2025. Growing water resource scarcity combined with continuing dete-
rioration in water policies and investments under CRI would significantly reduce
environmental water flows, endangering wetlands and the minimum stream flows
required to maintain biodiversity. Food prices for major crops under CRI are more
than double those under SUS and BAU, yet 2025 world cereal production under
CRI is 270 million metric tons less than under SUS—equivalent to an annual loss
of production close to India's total 2025 cereal crop or the combined total of
WANA and Sub-Saharan Africa. These enormous increases in cereal and other food
prices would significantly constrain the real incomes of poor consumers leading to
substantial increases in malnutrition considering the poorest people in low-income
developing countries spend more than half their income on food. Sharp price
increases can also fuel inflation, severely pressure foreign exchange reserves, and have
adverse effects on macroeconomic stability and investment in developing countries.
Such worsening food security would be accompanied by a dramatic declines in
access to water for drinking and other household uses, escalating malnutrition and
disease. 
Conversely, with improved water policies and investments, and improved rain-
fed cereal crop management and technology, food production growth could be
maintained concurrently with universal access to piped water and dramatic increas-
es in environmental water flows. The large reduction in water withdrawals for
human uses reduces water stress at the river basin scale, cutting the reuse of water
and improving water quality. Compared with CRI, the increase in environmental
flows under SUS is about 1,490 cubic kilometers—equivalent to five times the
annual flow of the Mississippi River or four times that of the Ganges River. 
NOTES
1. As described in the beginning of Chapter 4, each of these scenarios is run
through the 30 hydrologic conditions, from which the mean and variation of
water and food items are derived for the following discussion.
2. See Table 3.7 for a percentage comparison of households with access to piped
water under BAU, CRI, and SUS.
3. Graphs of mean, maximum, minimum prices are not shown for SUS because
they are virtually identical to the BAU. 
